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Background: The present study investigated associations in gender dyads of parents’ and adolescents’ time spent
on television and video viewing (TV/DVD), and computer and electronic game use (PC/games) at the ages of 11
and 13 years. Possible mediating effects of parental modelling and parental regulation in the relationship between
parental education and adolescents’ prospective TV/DVD and PC/game time were further examined.
Methods: A total of 908 adolescents, participating at both ages 11 and 13 years in the Norwegian HEalth In
Adolescents (HEIA) cohort study (2007–2009), were included in the analyses. Data on adolescents’, mothers’ and
fathers’ self reported time spent on TV/DVD and PC/games were measured at both time points by questionnaires.
Correlation coefficients were used to examine gender dyads of parents’ and adolescents’ reports. Mediation
analyses using linear regression investigated possible mediation effects of parental modelling and parental
regulation in the prospective relationship between parental education and adolescents’ time spent on TV/DVD and
PC/games between the ages of 11 and 13 years.
Results: Correlations of screen time behaviours in gender dyads of parents and adolescents showed significant
associations in time spent on TV/DVD at the age of 11 and 13 years. Associations between mothers and sons and
between fathers and daughters were also observed in time spent on PC/games at the age of 11 years. Maternal
and paternal modelling was further found to mediate the relationship between parental education and adolescents’
prospective TV/DVD time between the ages of 11 and 13 years. No mediation effect was observed for parental
regulation, however a decrease in both maternal and paternal regulation at the age of 11 years significantly
predicted more TV/DVD time among adolescents at the age of 13 years.
Conclusion: Cross-sectional and longitudinal relationships were observed in gender dyads of parents’ and
adolescents’ screen time behaviours at the ages of 11 and 13 years, and further studies including both parents and
their children should be emphasized. Moreover, maternal and paternal modelling were found to be important
target variables in interventions aiming to reduce social differences by parental education in adolescents’
prospective time spent on TV/DVD.
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Sedentary behaviour is one of the energy balance related
behaviours found to be associated with body weight,
overweight and obesity in children and adolescents
[1-8], and is emerging as an important issue in public
health [9,10]. Children and adolescents’ sedentary behav-
iours are shown to continue into adulthood [11], and
time spent sedentary during childhood is thus associated
with several health consequences as adults [12]. The age
of 10–11 years is considered to be a key transition phase
in a prevention perspective [13], and good opportunities
for future health may be established among children
growing into adolescence [14].
Sedentary behaviours can be defined as low-energy ex-
penditure activities [5,9,15], and the most common sed-
entary behaviours are related to desk-based work and
education, motorized transport, sitting while socializing
and screen time [5,16]. Early adolescence is considered a
critical time period for the onset of screen time behav-
iours [14,17]. European children and adolescents’ are in
general found to exceed the recommendation of spend-
ing less than two hours on screen time a day [18-20].
Several reviews have therefore investigated correlates of
sedentary behaviours [4,5,21,22] and screen time [23,24]
in young people. However, insufficient evidence was
found for prospective determinants of children and ado-
lescents’ sedentary behaviours [22], and few investigated
other screen time behaviours than television viewing.
Reviews of cross-sectional studies found boys, older chil-
dren, a higher body weight, lower socioeconomic status,
lower parental education, non-white ethnicity and children
living in one-parent families to be socio-demographic cor-
relates of increased screen time among children and ado-
lescents [5,21,23,24].
A previous cross-sectional study found the family tele-
vision environment to partly mediate the relationship
between maternal education and children’s television
viewing [25]. Important factors in the home environ-
ment related to children’s and adolescents’ screen time
are access to televisions and computers at home [5,26],
parental screen time [22,24,26] and parental rules/regu-
lation/limitation [5,26]. Little is known about gender
specific relationships between parents and their children’s
screen time [27]. Two cross-sectional and one longitu-
dinal study were found to investigate the association
between adolescents’ television viewing and parental tele-
vision viewing [28-30] and parental rules of television
viewing [29] with reports from mothers and fathers sep-
arately. Moreover, few cross-sectional and no longitu-
dinal studies were found to specifically investigate the
association between adolescents’ time spent on computer
and electronic games with parental screen time behav-
iours [31,32] or parental screen time rules [31,33,34].
Longitudinal studies are currently needed to examine therelationship between the home environment and adoles-
cents’ sedentary behaviours [26,27].
In the HEalth In Adolescents (HEIA) cohort study it
has previously been reported that time spent on tele-
vision and video viewing (TV/DVD) and on computer
and electronic games (PC/games) increased significantly
among boys and girls from the age of 11 to 13 years
[35]. Demographic factors related to adolescents’ total
screen time between the ages 11 to 13 years were lower
parental education among girls and not living in two-
parent families among boys [35]. Determinants in the
home environment may be important target variables to
consider in interventions aiming to reduce adolescents’
prospective screen time, and thus explain some of the
educational differences in adolescents screen time. The
purpose of the present paper was to investigate associa-
tions in gender dyads of parents’ and adolescents’ time
spent on TV/DVD and PC/games, and to examine
whether parental modelling and parental regulation me-
diate the relationship between parental education and TV/
DVD or PC/game time from the age of 11 to 13 years.
Methods
Subjects and study design
The HEIA cohort consists of students from the 25 con-
trol schools of the randomized controlled intervention
study HEIA. A total of 37 schools participated in the
HEIA study, out of 177 schools identified from the lar-
gest towns/municipalities in seven counties surrounding
the capital of Norway, with at least 40 pupils enrolled in
6th grade. These were randomly selected into 12 in-
tervention schools and 25 control schools. The design
and methodology of the HEIA study is described in de-
tail elsewhere [36]. The present study was conducted
according to the guidelines laid down in the Declaration
of Helsinki and all procedures were approved by the Re-
gional Committee for Medical Research Ethics and the
Norwegian Social Science Data Service. Written in-
formed consents were obtained from the parents of the
included adolescents, and participation in the study was
voluntary among both adolescents and parents at all
times.
All 6th graders enrolled in the 25 control schools were
invited to participate, resulting in a cohort sample of 1381
adolescents. At the baseline survey (T0) in September
2007, 975 (71%) adolescents participated. In May 2008,
970 (70%) attended the first follow up (T1), and 945 (68%)
adolescents participated in the 20 months follow up (T2)
during May 2009. Parents or legal guardians (hereafter
called parents) of the adolescents were also asked to par-
ticipate in the study at T0 and T2. For the purpose of the
present paper, only participants attending T0 and T2 were
included, resulting in 908 (93%) of the adolescents partici-
pating at T0. When including mothers’ and fathers’
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and 630 (65%) respectively.
Data collection
Information on both parents’ education was reported by
parents on the adolescents’ consent forms. Internet-
based questionnaires were filled in by the adolescents
during school hours at each time-point, taking about 45
minutes to complete. The questionnaires assessed diet-
ary, sedentary and physical activity behaviours and their
determinants. Trained staff was available for questions
during data collection at all times, and for measuring ad-
olescents’ anthropometrics by height, weight, hip and
waist at T0 and T2. Adolescents brought home separate
questionnaires for their mothers and fathers. Both parents
answered the same questions assessing dietary, sedentary
and physical activity behaviours, their determinants as well
as determinants related to their child’s behaviours at T0
and T2, taking about 45 minutes to complete. The ques-
tionnaires were returned to the schools in sealed enve-
lopes by the adolescents, and then collected by the HEIA
project workers. All questionnaires consisted of mostly
pre-coded answer categories, in addition to some open
ended fields with the possibility of specifying the responds.
Outcome measures of screen time
Adolescents’ TV/DVD time was measured by a question
modified from the PEACH study [37]. For the purpose of
the present study, time used at weekdays and weekends
were assessed separately, as previously recommended [38].
The question assessing TV/DVD time was phrased: “How
many hours do you usually watch television and/or video
on a normal weekday?” The same question was asked for
a normal weekend day or day off from school. The answer
categories were (recoding in brackets): half an hour (0.5),
one hour (1), two hours (2), three hours (3), four hours
(4), five hours or more (5). A similar question was com-
posed to assess adolescents’ usual time spent on PC/
games: “How many hours do you usually spend on com-
puter, TV games or other electronic games on a normal
weekday?” The same question was asked for a normal
weekend day or day off from school. The answer categor-
ies were (recoding in brackets): no time (0), half an hour or
less (0.5), one hour (1), two hours (2), three hours (3), four
hours or more (4). Separate weekly scores for TV/DVD
and PC/game time were calculated by summing hours
reported for an average weekday (multiplied by five) and
average weekend day (multiplied by two). The weekly out-
come measures obtained acceptable test-retest correlation
(Spearman’s rho=0.66-0.73) [35,36].
Parental measures
Parental education was dichotomized into categories of
12 years or less and 13 years or more (equals universityor college attendance). The parent with the longest edu-
cation was used, or else from the one available. Parental
behaviours (parental modelling) were measured by both
parents as usual time spent on TV/DVD and PC/games
by the same questions and pre-coded answer categories
as for adolescents. However, in the parental question-
naires it was stated that the reported PC/game time was
to be outside working hours. Parental regulation of TV/
DVD was measured by mothers and fathers by a ques-
tion derived from a previously reliability tested and pub-
lished instrument [30]: “I restrict how much time my
child spends watching TV”. A similar question was com-
posed to measure parental regulation of PC/games: “I re-
strict how much time my child spends on computer and
other electronic games”. The answer categories were
based on a five point Likert scale (recoding in brackets):
totally disagree (1), partly disagree (2), neither agree nor
disagree (3), partly agree (4), totally agree (5).
Correlates
Adolescents’ height and weight were measured object-
ively by project workers to the nearest 0.1 cm and 0.1 kg
[39]. Age and gender specific body mass index cut-off
values as proposed by the International Obesity Task
Force was used to categorize the adolescents’ weight sta-
tus as normal weight or overweight/obese [40]. Living
status was reported by the adolescents and grouped in
two categories of those living in two-parent families
(including married or cohabitating parents or parent/
step-parent), and those living in other families such as
with their father or mother alone, equally with their
mother and father alone, with foster parents or with
other guardians. The study sample consisted of 93.5%
ethnical Norwegians, and thus differences by ethnicity
was not investigated.
Data analysis
All statistical analyses were performed by IBM® SPSS®
Statistics, version 19.0 (IBM Corporation). Descriptive
statistics were used to present baseline demographics of
adolescents, mothers and fathers. Pearson’s correlation
coefficients were conducted to investigate associations of
TV/DVD and PC/game time in gender dyads of parents
and adolescents at T0 and T2. Differences in adolescents
screen time by parental education were obtained by
independent-samples t test. Attrition analyses were cal-
culated at T0 between the sample of adolescents in-
cluded in mediation analyses (n=573) and those missing
due to incomplete data from mothers’ and/or fathers’ re-
ports (n=402). Independent-samples t test was used for
continuous variables and Person’s chi-square test was
used for categorical variables.
To investigate the mediation of parental modelling and
parental regulation, two models were set up to measure
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cents’ prospective screen time separately for TV/DVD
time (model 1) and PC/game time (model 2). Figure 1 il-
lustrates the prediction of parental education at T0 on
adolescents’ TV/DVD time (model 1) and PC/game time
(model 2) at T2. The possible mediation of parental
modelling by TV/DVD time (model 1) and PC/game
time (model 2), as measured at T0 by mothers and by fa-
thers, and parental regulation of adolescents’ TV/DVD
time (model 1) and PC/game time (model 2), as mea-
sured at T0 by mothers and by fathers, was examined.
Cluster effects of adolescents’ screen time have previ-
ously been measured in the HEIA cohort, and low unex-
plained variance (1.5 – 2.8%) was found at the school level
[35,36]. The analyses were thus not adjusted for clustering
effects by school [41]. Mediation analyses were investi-
gated by linear regression, and unstandardized beta coeffi-
cients are presented. In order to control for other possible
influences associated with adolescents’ screen time, ado-
lescents’ gender, weight status and living status at T0 were
adjusted for in all analyses. To obtain power estimates of
0.8 as recommended in mediation analyses by Fritz and
MacKinnon [42], bias-corrected bootstrap analyses were
performed using the SPSS script described by Preacher &
Hayes [43] with a resampling of 1000 independent sam-
ples. Assumptions for the analyses were investigated and
considered acceptable.
Single mediation analyses were performed in model 1
and model 2 investigating the total effect of parental edu-
cation on adolescents’ prospective screen time (c-path)
(Figure 1). The relationship between parental education
and each of the possible mediating variables were exam-
ined at T0 (a-path), as well as the relationship betweena1 -path Maternal modelling
(T0)
b1 -path
a2 -path Paternal modelling
(T0)
b2 -path
Y = Adolescents' 
TV/DVD time and
PC/game time (T2)






a3 -path b3 -path
Paternal regulation 
(T0)
a4 -path b4 -path
T0: baseline, T2: 20 months follow-up
Parental education as high (university/college) vs low
Adjusted for gender, weight status and living status
Adjusted for gender, weight status, living status and each of the potential mediators
Figure 1 Mediation model of the prediction of adolescents’
screen time.each of the possible mediating variables and adolescents’
prospective screen time at T2, when adjusted for parental
education (b-path) [43,44]. The direct effect of parental
education on adolescents’ prospective screen time was then
calculated, when adjusted for each of the possible mediat-
ing variables of parental modelling and regulation (c’-path).
Finally, the mediation effect (a-path x b-path) for each of
the possible mediating variables were investigated [43].
Results
Descriptive statistics of the participants at T0 are shown
in Table 1. About 31% of the participants had parents
with educational level less than university/college at-
tendance. Adolescents and parents reported similar time
spent on TV/DVD, but more time spent on PC/games
were generally observed among adolescents than among
parents. No significant differences in adolescents’ screen
time or any of the correlates were found at T0 between
the participants attending both time points (n=908) and
those lost to follow up at T2 (n=67) [35]. Attrition ana-
lyses between adolescents included in mediation analyses
(n=573) and those lost due to missing data in parental
reports (n=402) consistently showed no differences in
adolescents’ TV/DVD time, but significant less time
spent on PC/games were seen among the included ado-
lescents (p=0.01) (data not shown). In the included sam-
ple, there was also a significantly larger proportion of
adolescents with high level of parental education, normal
weight status and living in two-parent families.
Screen time behaviours in gender dyads
There were significant associations between mothers
and fathers TV/DVD time at T0 with boys and girls TV/
DVD time at both time points. Stronger correlations
were generally observed at T2 than at T0, except for be-
tween fathers and sons reports (Table 2). Moreover,
mothers and their sons PC/game time and fathers and
their daughters PC/game time were significantly corre-
lated at T0, but no such associations were found at T2.
Prediction of adolescents’ screen time by
parental education
Significant differences were observed between adoles-
cents’ TV/DVD time and PC/game time at T2 by level
of parental education at T0 (Table 3). Single mediation
analyses further showed a significant total effect of par-
ental education at T0 on adolescents’ prospective PC/
game time at T2 (c-path), where lower parental educa-
tion was associated with an increase in adolescents PC/
game time of 1.4 hours a week (Table 4). A significant dir-
ect effect was subsequently observed (p=0.04), after
adjusting for either of the possible mediating variables of
parental modelling and regulation (c’-path). However, sin-
gle mediation analyses observed no significant relationship
Table 1 Descriptive statistics of adolescents and parents at baseline (T0)
Measure Value Boys (n=474) Girls (n=434) Mothers (n=738) Fathers (n=630)
Age Mean (SD) 11.2 (0.3) 11.2 (0.3) 40.8 (4.8) 43.4 (5.6)
Weight status* % normal 85.5% 85.4% - -
Parental education† % low 30.2% 32.0% - -
Living status‡ % two-parents 79.2% 81.6% - -
TV/DVD (hours/week) Mean (SD) 12.0 (6.9) 11.1 (6.6) 13.0 (6.3) 13.4 (6.6)
PC/games (hours/week) Mean (SD) 9.8 (6.7) 7.3 (5.8) 2.6 (3.9) 3.7 (4.5)
TV/DVD regulation# Mean (SD) - - 4.1 (1.0) 3.9 (1.0)
PC/game regulation# Mean (SD) - - 4.0 (1.0) 3.8 (1.1)
Number of participants (n) varies slightly across variables, SD: Standard Deviation.
* Normal weight vs overweight/obese based on the International Obesity Task Force cut off values.
† Parental education as low vs high (university/college) at T0.
‡ Two-parent families vs other families.
# Measured in a five-point Likert scale (from 1=totally disagree to 5=totally agree).
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TV/DVD time.
Mediation effects of parental modelling and regulation
Significant mediation effects of maternal and paternal
modelling at T0 were found on the relationship between
parental education at T0 and adolescents’ prospective
TV/DVD time at T2 (a-path x b-path) (Table 4). Neither
maternal nor paternal regulation mediated the relation-
ship between parental education at T0 and TV/DVD
time at T2 in either gender. Mediation effects of parental
modelling or regulation were not observed in the rela-
tionship between parental education and adolescents’
PC/game time.
Influence of parental education on parental modelling
and regulation
Significant cross-sectional relationships were observed
by mediation analyses at T0, between a lower level ofTable 2 Correlation of screen time in gender dyads of parent
Adolescents Mothers (T0)
TV/DVD
Measure Timepoint n Pearson r
TV/DVD (hours/week)
Boys Age 11 (T0) 366 0.20***
Age 13 (T2) 369 0.25***
Girls Age 11 (T0) 361 0.18***
Age 13 (T2) 364 0.22***
PC/game (hours/week)
Boys Age 11 (T0) 362
Age 13 (T2) 367
Girls Age 11 (T0) 359
Age 13 (T2) 363
T0: baseline, T2: 20 months follow-up.
Statistical significance at *p<0.05 **p<0.01 ***p<0.001.parental education and more maternal and paternal
TV/DVD time of 3.6 and 3.3 hours a week respectively
(a-path, Table 4). There was no such relationship between
parental education and parental regulation of adolescents’
TV/DVD time. Cross-sectional relationships were neither
found between parental education and parental modelling
or regulation of adolescents’ PC/game time.
Prediction of adolescents’ screen time by parental
modelling and regulation
Mediation analyses further found more maternal and pa-
ternal TV/DVD time at T0 to be significant predictors
of more time spent on TV/DVD among adolescents at
T2, when adjusted for parental education (b-path). Fur-
thermore, less maternal and paternal regulation at T0
was found to significantly predict more TV/DVD time
among adolescents at T2. Paternal modelling of PC/
game time was also found to be a significant predictor of
adolescents’ time spent on PC/games.s and adolescents
Fathers (T0)
PC/game TV/DVD PC/game














n Mean (SD) n Mean (SD) p-value‡
T0 TV/DVD 267 11.9 (7.4) 604 11.3 (6.3) 0.210
PC/game 266 9.1 (7.0) 599 8.3 (6.0) 0.125
T2 TV/DVD 274 14.2 (7.5) 607 13.0 (7.0) 0.024
PC/game 274 11.4 (7.8) 605 10.1 (6.8) 0.015
T0: baseline, T2: 20 months follow-up, SD: Standard Deviation.
† Parental education as low vs high (university/college) at T0.
‡ Difference between groups of parental education with independent-samples
t test.
Totland et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:89 Page 6 of 10
http://www.ijbnpa.org/content/10/1/89Discussion
As previously reported in the HEIA cohort study, ado-
lescents’ time spent on TV/DVD significantly increased
by 1.4 hours/week among boys and 2.4 hours/week
among girls, between the ages of 11 and 13 years [35].
The respective increase in adolescents’ PC/game time
was 1.2 and 2.6 hours/week among boys and girls [35].
Significant gender differences were furthermore ob-
served, as boys spent more time on PC/games than girls
at both time points [35]. The present study found novel
cross-sectional and longitudinal relationships in gender
dyads of parents and adolescents’ time spent on TV/
DVD and PC/games at the ages of 11 and 13 years.
Moreover, both maternal and paternal modelling was
found to mediate the prospective relationship between
parental education and adolescents’ time spent on TV/
DVD.
Correlations observed in gender dyads of parents’ and
adolescents’ reports of TV/DVD time are consistent
with previous cross-sectional findings of children andTable 4 Prediction of adolescents’ screen time by single med
Measurement n c-path (SE) a-p
TV/DVD (hours/week)











SE: Standard Error, CI: Confidence Interval.
Statistical significance at *p>0.05 and **p>0.01.
† Linear regression analysis, adjusted for adolescents’ gender, weight status and livi
‡ Mediation effects calculated as a-path x b-path.
# Parental education as high (university/college) vs low at baseline.adolescents’ TV viewing [28,29,32]. The findings indicate
that more time spent on TV/DVD among both parents
at the age of 11 years may influence more TV/DVD time
among adolescents of both genders at the age of 11 and
13 years. However, a previous study investigating the
longitudinal relationship between mothers’, fathers’ and
girls’ TV viewing from the age of 9 to 11 years reported
no such associations [28]. This may correspond with the
present findings of stronger correlation coefficients be-
tween parents’ and adolescents’ reports with increasing
age. A steady increase of time spent watching TV in
gender dyads of parents and adolescents has been
reported from the age of 9–10 years to the age of 15–17
years [45]. However, a dip in time was reported between
fathers and daughters at the age of 11–12 years [45],
which may explain the present findings of a stronger
correlation among fathers and daughters’ than among fa-
thers and sons’ in TV/DVD time between the ages of 11
and 13 years in the present study. Previous findings have
furthermore reported that parents spend less time with
their children in other social contexts as they grow older
[45]. The present findings may suggest that adolescents
spend more time on TV/DVD with their parents as a
shared activity when they grow older, probably as a re-
sult of spending time together as a family and due to
prolonged waking hours.
The present study furthermore observed cross-sec-
tional associations across genders in dyads of parents’
and adolescents’ PC/game time at the age of 11 years,
even though parents generally reported less time spent
on PC/games than adolescents during leisure time. Dif-
ferences in gender dyads of PC/game time may be
explained due to large gender differences between girlsiation analyses†
ath (SE) b-path (SE) ab‡ 95% CI
3 (0.55)** 0.28 (0.05)** 1.01 0.62, 1.65
5 (0.60)** 0.23 (0.05)** 0.75 0.38, 1.27
.06 (0.10) −1.40 (0.29)** 0.08 −0.16, 0.42
.11 (0.10) −0.60 (0.28)* 0.06 −0.02, 0.33
4 (0.36) 0.12 (0.08) 0.03 −0.04, 0.34
0 (0.41) 0.17 (0.07)* 0.05 −0.07, 0.26
5 (0.10) −0.04 (0.27) 0.00 −0.09, 0.05
5 (0.11) −0.01 (0.26) 0.00 −0.07, 0.07
ng status at baseline.
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parental work time on computers at home was not mea-
sured, that may have influenced the results. The evi-
dence on gender relationships between adolescents’ and
parents’ use of computer and electronic games is limited.
Although, a previous cross-sectional study among Portu-
guese 7 to 10 year olds showed that paternal TV viewing
was significantly related to their daughters’ PC and elec-
tronic game time during weekends [32]. In contrast to
these findings, reviewed evidence on parent–child rela-
tionships generally indicate that mothers invest more
time and are more involved in parenting during adoles-
cence compared to fathers, and are thus considered
closer to adolescents of both genders [46]. It is import-
ant to notice that most previous research has been fo-
cusing on the mother as a representative of parents’ and
excluded the role of fathers in the home environment
[47]. Hence, important relationships may exist between
fathers’ and adolescents’ energy balance related behav-
iours that are currently not understood. Correlations in
gender dyads of parents’ and adolescents’ time spent on
PC/games were no longer observed at the age of 13
years. The results may reflect the fact that time spent on
PC/games is less of a shared activity among parents and
adolescents, and thus less influenced by parental behav-
iours when adolescents grow older. More research is
needed in order to identify possible prospective gender
specific influences of parental modelling on children’s
screen time when growing into adolescence.
Mediation analyses showed a significant total and dir-
ect effect between level of parental education and ado-
lescents’ PC/game time from the age of 11 to 13 years,
indicating that a lower level of parental education is an
important predictor of more time spent on PC/games
among adolescents. No prospective relationship was ob-
served in mediation analysis of parental education on
adolescents’ TV/DVD time between the ages of 11 to 13
years. A previous study reported inconsistent results in
the prospective relationship between parental education
at the age of 13 years and girls’ TV viewing and
videogame playing after 6 months [48], and no relation-
ships were reported between parental education level at
the age of 9–12 years and adolescents’ TV viewing,
playing video games or computer use at the age of 14
years and older [49]. The lack of influence from parental
education on adolescents’ prospective TV/DVD time in
the present study may be caused by the fact that social
differences in adolescents’ prospective TV/DVD time are
less important among older adolescents. Hence, other
determinants in the home may be stronger in influen-
cing adolescents’ prospective behaviour, such as parental
modelling, regulation, availability and accessibility of TV
in the home as well as presence and interaction with sib-
lings. However, the level of parental education was highin this group of 11 year olds, and analyses were based
on a binominal variable which may not capture all gradi-
ents of parental education. More research is needed in
order to investigate the prospective relationship between
parental education and different screen time behaviours
during adolescence.
Maternal and paternal modelling significantly medi-
ated the prospective relationship between parental edu-
cation and adolescents’ TV/DVD time. However, no
mediation was found by parental regulation of adoles-
cents’ prospective TV/DVD time, as differences in regu-
lation by parental education were not found. A recent
cross-sectional study found number and placement of
TV in the home to be the strongest mediators to the re-
lationship between maternal education and 11 year old
children’s TV viewing [25]. Parental behaviour was not
investigated as a potential mediator, but restrictions on
how much time the child spent on TV viewing was
shown to be less important as a mediator among 11 year
olds than among 6 year olds [25]. The present study did
neither find parental modelling nor regulation to medi-
ate the relationship of parental education on adolescents’
prospective PC/game time. These results imply that par-
ental modelling is more important as an intermediate
variable when explaining differences by parental educa-
tion in adolescents’ prospective TV/DVD time than in
time spent on PC/games. The results may indicate that
adolescents’ are more independent in their leisure time
using PC/games, than what is observed for watching
TV/DVD. Moreover, time spent on PC/games may be
more reflected by social contexts with siblings and
friends rather than with parents. Other factors in the
home environment may thus be important mediators of
adolescents’ time spent on PC/games by parental educa-
tion. In addition to parental modelling and regulation,
determinants such as availability and accessibility of
computers in the home, presence and interaction with
siblings and friends should be a matter for further inves-
tigation. These could be important modifiable determi-
nants to target in interventions aiming to reduce social
inequalities in adolescents’ PC/game time by parental
education.
Both maternal and paternal regulation at the age of 11
years was significantly related to less time spent on TV/
DVD among 13 year old adolescents (b-path). The re-
sults imply the importance of parental regulation in
order to reduce adolescents’ prospective TV/DVD time,
independently of parental education. This may thus
be an important determinant to target in order to reduce
adolescents’ prospective TV/DVD time. No such re-
lationships were seen for parental regulation of ado-
lescents PC/game time. A recent review concluded
consistently with an inverse cross-sectional association
between parental rules and adolescents’ screen time,
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viewing [26]. An inverse longitudinal relationship was
furthermore reported between perceived presence of
family rules and TV viewing among adolescents over 2
years [50]. It is important to notice that parental regula-
tion was only measured with a single question item in
the present study, and may therefore not capture all
facets of parental rules of TV/DVD and PC/game time.
The results should be viewed in light of some limita-
tions of the study. Although the participation rate
of sampled schools was low (21%), there was no signi-
ficant difference between schools who participated in
the study and schools that declined participation in
terms of number of students in the 6th grade and overall
size [51]. However, socioeconomic characteristics of
schools were not measured, as such data is not nation-
ally available in Norway. The outcome measures were
self-reported, which are associated with problems of
misreporting of adolescents screen time, due to issues of
social expectations and norms [52]. Although, adoles-
cents’ ability to self-report are considered to be fully de-
veloped at this age [53]. The test-retest correlation
results of the outcome measures were borderline in the
present study, thus the reliability of the results may be
questioned. However, the larger sample size the larger
tolerance of a less reliable instrument, and thus we
believe the reliability of these measurements to be
acceptable [54]. Attrition analysis showed no significant
differences in adolescents’ baseline TV/DVD time be-
tween those included and those excluded from the ana-
lyses. However, significant differences were observed in
adolescents’ PC/game time, weight status, living status
and level of parental education. This may indicate that
the included participants were more health conscious
than the rest of the population.
Strengths of the present study were the longitudinal
study design based on a relatively large sample size at a
narrow age-range, with high participation rate over time.
Information on parental education, modelling and regu-
lation was collected through parental reports, which is
considered to give more reliable measurements than
when reported by the adolescents [55]. Moreover, mea-
surements of multiple screen time behaviours and their
determinants were included.
Conclusion
The present study found that both parents’ TV/DVD
time is associated with adolescents’ TV/DVD time in
both genders at the age of 11 years, and between the
ages of 11 to 13 years. Opposite gender dyads were ob-
served for PC/game time at the age of 11 years, but the
association was not seen in either gender between the
ages of 11 and 13 years. Further investigations of differ-
ent screen time behaviours in gender dyads of bothparents and their children should be emphasized. Paren-
tal TV/DVD time was further found to mediate the rela-
tionship between parental education and adolescents’
prospective TV/DVD time across genders. Hence, paren-
tal modelling are important to consider in interventions
aiming to reduce social differences by parental education
in the prevention of adolescents’ prospective time spent
on TV/DVD. Other factors in the home environment
may influence adolescents’ prospective screen time and
should be included in future studies, such as the avail-
ability and accessibility of screens in the home.
Abbreviations
HEIA: The Norwegian HEalth In Adolescents study; TV/DVD: television and
video viewing; PC/game: computer and electronic game use.
Competing interests
This work was supported by the Norwegian Extra Foundation for Health and
Rehabilitation through the National Association of Public Health. The HEIA
study was originally funded by the Norwegian Research Council [grant
number 155323/V50] with supplementary funds from the Throne Holst
Nutrition Research Foundation, the University of Oslo and the Norwegian
School of Sport Sciences. The authors THT, MB, NL, IHB, MKG, MG, YO and
LFA declare that they have no competing interests.
Authors’ contributions
THT drafted the first manuscript, conducted the statistical analyses and
revised the paper based on the comments by the other co-authors. MB, NL,
IHB, MG, YO and LFA participated in designing the study, project planning
and/or data collection. All authors have critically read and revised the paper,
and approved the final manuscript.
Acknowledgements
We would like to thank all the participants and project staff who took part in
the present study, and the Principal Investigator, Professor Knut-Inge Klepp
for planning and designing the overall HEIA study.
Author details
1Department of Nutrition, University of Oslo, P.O. Box 1046 Blindern,
NO-0316 Oslo, Norway. 2Department of Coaching and Psychology,
Norwegian School of Sport Sciences, P.O. Box 4014 Ullevål stadion, NO-0806
Oslo, Norway. 3Department of Sports Medicine, Norwegian School of Sport
Sciences, P.O. Box 4014 Ullevål Stadion, 0806 Oslo, Norway.
Received: 21 January 2013 Accepted: 4 July 2013
Published: 6 July 2013
References
1. Andersen LF, Lillegaard IT, Overby N, Lytle L, Klepp KI, Johansson L:
Overweight and obesity among Norwegian schoolchildren: changes
from 1993 to 2000. Scand J Public Health 2005, 33:99–106.
2. Robinson TN: Television viewing and childhood obesity. Pediatr Clin North
Am 2001, 48:1017–1025.
3. Kautiainen S, Koivusilta L, Lintonen T, Virtanen SM, Rimpela A: Use of
information and communication technology and prevalence of
overweight and obesity among adolescents. Int J Obes (Lond) 2005,
29:925–933.
4. Prentice-Dunn H, Prentice-Dunn S: Physical activity, sedentary behavior,
and childhood obesity: a review of cross-sectional studies. Psychol Health
Med 2012, 17:255–273.
5. Pate RR, Mitchell JA, Byun W, Dowda M: Sedentary behaviour in youth.
Br J Sports Med 2011, 45:906–913.
6. Davison KK, Marshall SJ, Birch LL: Cross-sectional and longitudinal
associations between TV viewing and girls’ body mass index, overweight
status, and percentage of body fat. J Pediatr 2006, 149:32–37.
7. Swinburn BA, Caterson I, Seidell JC, James WP: Diet, nutrition and the
prevention of excess weight gain and obesity. Public Health Nutr 2004,
7:123–146.
Totland et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:89 Page 9 of 10
http://www.ijbnpa.org/content/10/1/898. Kristiansen H, Juliusson PB, Eide GE, Roelants M, Bjerknes R: TV-viewing and
obesity among Norwegian children: the importance of parental
education. Acta Paediatr 2013, 102:199–205.
9. Pearson N, Biddle SJ: Sedentary behavior and dietary intake in children,
adolescents, and adults. A systematic review. Am J Prev Med 2011, 41:178–188.
10. Rey-Lopez JP, Vicente-Rodriguez G, Biosca M, Moreno LA: Sedentary
behaviour and obesity development in children and adolescents.
Nutr Metab Cardiovasc Dis 2008, 18:242–251.
11. Biddle SJ, Pearson N, Ross GM, Braithwaite R: Tracking of sedentary
behaviours of young people: a systematic review. Prev Med 2010,
51:345–351.
12. Hancox RJ, Milne BJ, Poulton R: Association between child and adolescent
television viewing and adult health: a longitudinal birth cohort study.
Lancet 2004, 364:257–262.
13. Jago R, Fox KR, Page AS, Brockman R, Thompson JL: Parent and child
physical activity and sedentary time: do active parents foster active
children? BMC Publ Health 2010, 10:194.
14. Sawyer SM, Afifi RA, Bearinger LH, Blakemore SJ, Dick B, Ezeh AC, Patton GC:
Adolescence: a foundation for future health. Lancet 2012, 379:1630–1640.
15. Tremblay MS, Leblanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC,
Goldfield G, Gorber SC: Systematic review of sedentary behaviour and
health indicators in school-aged children and youth. Int J Behav Nutr Phys
Act 2011, 8:98.
16. Owen N, Healy GN, Matthews CE, Dunstan DW: Too much sitting: the
population health science of sedentary behavior. Exerc Sport Sci Rev 2010,
38:105–113.
17. Raudsepp L, Neissaar I, Kull M: Longitudinal stability of sedentary
behaviors and physical activity during early adolescence. Pediatr Exerc Sci
2008, 20:251–262.
18. Rey-Lopez JP, Vicente-Rodriguez G, Ortega FB, Ruiz JR, Martinez-Gomez D,
De HS, Manios Y, Molnar D, Polito A, Verloigne M, et al: Sedentary patterns
and media availability in European adolescents: The HELENA study.
Prev Med 2010, 51:50–55.
19. Vereecken CA, Todd J, Roberts C, Mulvihill C, Maes L: Television viewing
behaviour and associations with food habits in different countries.
Public Health Nutr 2006, 9:244–250.
20. Currie C, Zanotti C, Morgan A, Currie D, de Looze M, Roberts C, Samdal O,
Smith ORF, Barnekow V: Social determinants of health and well-being among
young people. Health Behaviours in school-aged children (HBSC) study:
International report from the 2009/2010 survey. Copenhagen: WHO Regional
office for Europe; 2012.
21. Van Der Horst K, Paw MJ, Twisk JW, van Mechelen W: A brief review on
correlates of physical activity and sedentariness in youth. Med Sci Sports
Exerc 2007, 39:1241–1250.
22. Uijtdewilligen L, Nauta J, Singh AS, Van MW, Twisk JW, Van Der Horst K,
Chinapaw MJ: Determinants of physical activity and sedentary behaviour
in young people: a review and quality synthesis of prospective studies.
Br J Sports Med 2011, 45:896–905.
23. Hoyos Cillero I, Jago R: Systematic review of correlates of screen-viewing
among young children. Prev Med 2010, 51:3–10.
24. Gorely T, Marshall SJ, Biddle SJ: Couch kids: correlates of television
viewing among youth. Int J Behav Med 2004, 11:152–163.
25. Hesketh K, Ball K, Crawford D, Campbell K, Salmon J: Mediators of the
relationship between maternal education and children’s TV viewing.
Am J Prev Med 2007, 33:41–47.
26. Verloigne M, Van LW, Maes L, Brug J, De BI: Family- and school-based
correlates of energy balance-related behaviours in 10-12-year-old
children: a systematic review within the ENERGY (EuropeaN Energy
balance Research to prevent excessive weight Gain among Youth)
project. Public Health Nutr 2012, 15:1380–1395.
27. Bauer KW, Nelson MC, Boutelle KN, Neumark-Sztainer D: Parental influences
on adolescents’ physical activity and sedentary behavior: longitudinal
findings from Project EAT-II. Int J Behav Nutr Phys Act 2008, 5:12.
28. Davison KK, Francis LA, Birch LL: Links between parents’ and girls’
television viewing behaviors: a longitudinal examination. J Pediatr 2005,
147:436–442.
29. Salmon J, Timperio A, Telford A, Carver A, Crawford D: Association of
family environment with children’s television viewing and with low level
of physical activity. Obes Res 2005, 13:1939–1951.
30. Hardy LL, Baur LA, Garnett SP, Crawford D, Campbell KJ, Shrewsbury VA,
Cowell CT, Salmon J: Family and home correlates of television viewing in12–13 year old adolescents: the Nepean Study. Int J Behav Nutr Phys Act
2006, 3:24.
31. Hoyos Cillero I, Jago R: Sociodemographic and home environment
predictors of screen viewing among Spanish school children. J Public
Health (Oxf ) 2011, 33:392–402.
32. Jago R, Stamatakis E, Gama A, Carvalhal IM, Nogueira H, Rosado V, Padez C:
Parent and child screen-viewing time and home media environment.
Am J Prev Med 2012, 43:150–158.
33. Ramirez ER, Norman GJ, Rosenberg DE, Kerr J, Saelens BE, Durant N, Sallis JF:
Adolescent screen time and rules to limit screen time in the home.
J Adolesc Health 2011, 48:379–385.
34. Granich J, Rosenberg M, Knuiman MW, Timperio A: Individual, social, and
physical environment factors associated with electronic media use
among children: sedentary behavior at home. J Phys Act Health 2011,
8:613–625.
35. Gebremariam MK, Totland TH, Andersen LF, Bergh IH, Bjelland M, Grydeland
M, Ommundsen Y, Lien N: Stability and change in screen-based
sedentary behaviours and associated factors among Norwegian children
in the transition between childhood and adolescence. BMC Publ Health
2012, 12:104.
36. Lien N, Bjelland M, Bergh IH, Grydeland M, Anderssen SA, Ommundsen Y,
Andersen LF, Henriksen HB, Randby JS, Klepp KI: Design of a 20-month
comprehensive, multicomponent school-based randomised trial to
promote healthy weight development among 11–13 year olds: The
HEalth In Adolescents study. Scand J Public Health 2010, 38:38–51.
37. Page AS, Cooper AR, Griew P, Jago R: Children’s screen viewing is related
to psychological difficulties irrespective of physical activity. Pediatrics
2010, 126:e1011–e1017.
38. Torsheim T, Eriksson L, Schnohr CW, Hansen F, Bjarnason T, Valimaa R:
Screen-based activities and physical complaints among adolescents
from the Nordic countries. BMC Publ Health 2010, 10:324.
39. Bjelland M, Lien N, Bergh IH, Grydeland M, Anderssen SA, Klepp KI,
Ommundsen Y, Andersen LF: Overweight and waist circumference among
Norwegian 11-year-olds and associations with reported parental
overweight and waist circumference: The HEIA study. Scand J Public
Health 2010, 38:19–27.
40. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard definition
for child overweight and obesity worldwide: international survey.
BMJ 2000, 320:1240–1243.
41. Heck RH, Thomas SL, Tabata LN: Multilevel and Longitudinal Modelling with
IBM SPSS. New York: Routledge; 2010.
42. Fritz MS, Mackinnon DP: Required sample size to detect the mediated
effect. Psychol Sci 2007, 18:233–239.
43. Preacher KJ, Hayes AF: Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models.
Behav Res Methods 2008, 40:879–891.
44. Mackinnon DP, Fairchild AJ, Fritz MS: Mediation analysis. Annu Rev Psychol
2007, 58:593–614.
45. Dubas JS, Gerris JR: Longitudinal changes in the time parents spend in
activities with their adolescent children as a function of child age,
pubertal status, and gender. J Fam Psychol 2002, 16:415–427.
46. Henricson C, Roker D: Support for the parents of adolescents: a review.
J Adolesc 2000, 23:763–783.
47. Elfhag K, Tynelius P, Rasmussen F: Family links of eating behaviour in normal
weight and overweight children. Int J Pediatr Obes 2010, 5:491–500.
48. Schmitz KH, Lytle LA, Phillips GA, Murray DM, Birnbaum AS, Kubik MY:
Psychosocial correlates of physical activity and sedentary leisure habits
in young adolescents: the Teens Eating for Energy and Nutrition at
School study. Prev Med 2002, 34:266–278.
49. Lee SJ, Bartolic S, Vandewater EA: Predicting children’s media use in the
USA: differences in cross-sectional and longitudinal analysis. Br J Dev
Psychol 2009, 27:123–143.
50. te Velde SJ, Van Der Horst K, Oenema A, Timperio A, Crawford D, Brug J:
Parental and home influences on adolescents’ TV viewing: a mediation
analysis. Int J Pediatr Obes 2011, 6:e364–e372.
51. Gebremariam MK, Andersen LF, Bjelland M, Klepp KI, Totland TH, Bergh IH,
Lien N: Does the school food environment influence the dietary
behaviours of Norwegian 11-year-olds? The HEIA study. Scand J Public
Health 2012, 40:491–497.
52. Jago R, Baranowski T, Baranowski JC, Cullen KW, Thompson DI: Social
desirability is associated with some physical activity, psychosocial
Totland et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:89 Page 10 of 10
http://www.ijbnpa.org/content/10/1/89variables and sedentary behavior but not self-reported physical activity
among adolescent males. Health Educ Res 2007, 22:438–449.
53. Livingstone MB, Robson PJ: Measurement of dietary intake in children.
Proc Nutr Soc 2000, 59:279–293.
54. Streiner DL, Norman GJ: Health measurement scales: a practical guide to their
development and use. New York: Oxford University Press; 2008.
55. Due P, Krolner R, Rasmussen M, Andersen A, Trab DM, Graham H, Holstein
BE: Pathways and mechanisms in adolescence contribute to adult health
inequalities. Scand J Public Health 2011, 39:62–78.
doi:10.1186/1479-5868-10-89
Cite this article as: Totland et al.: Adolescents’ prospective screen time
by gender and parental education, the mediation of parental
influences. International Journal of Behavioral Nutrition and Physical Activity
2013 10:89.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
